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3) Hypertensive patients show increased levels of plasma superoxide, hydrogen peroxide and lipid peroxide. 4) In various rodent models of experimental hypertension, including spontaneously hypertensive rats (SHRs) and renal hypertensive rats, enhanced endothelial superoxide anion production leading to impairment of endothelium-dependent relaxation has been demonstrated. 5) The phytomedicine have been extensively used to prevent and heal of various cardiovascular problems for over a millennium in oriental countries. Over the last decade, interest by the general public in the use dietary phytomedicine has risen exponentially, due to its low toxicity and good therapeutically performance. Morus bombycis KOIDZUMI (MK) is widely distributed in Asia and has been used in traditional medicine on account of its apparent anti-inflammatory, antibiotic, antioxidant, and hepatoprotective effects. 6) Moreover, the young branch of mulberry tree (Morus spp.) is generally recognized as herbal medicine used for treatment of hypertension and paralysis of arms and legs in China. 7) Recently, mulberry (Morus alba L.) leaves showed anti-atherosclerotic effects in LDL receptor-deficient mice 8) and a neuroprotection effect against in vivo cerebral ischemia. 9) In addition, Morus alba L. root bark fractions exhibited a potent antioxidant activity via inhibition of lipid peroxidation in cholesterol-fed rats. 10) However, there is little information about the effects of MK extract on pharmacological actions in cardiovascular disease associated with hypertension, particularly, on animal models of systemic hypertension. In the present study, we evaluated the antihypertensive effects of long-term administration with MK extract in SHRs. In addition, we also examined the effects on the vascular responses of isolated rat aorta and the cardiac functions of isolated rat heart. lowed to equilibrate for 60 min under the resting tension of 2 g. The isometric contractile response was measured with a force displacement transducer (Grass FT03, Grass Ins., Quincy, MA, U.S.A.) and displayed on a chart recorder (Multicorder MC 6625, Hugo Sachs Electronic, March, Germany). The aortic preparations were precontracted submaximally with phenylephrine (3ϫ10 Ϫ7 M). After the contraction was stabilized, acetylcholine (1ϫ10 Ϫ6 M) was added to confirm the presence of the endothelium. Then, the aortic preparations were washed out 3 times for 45 min, and rechallenged with phenylephrine. MK extracts with water, 80% ethanol, 100% ethanol, 80% methanol or 100% methanol were cumulatively added to the tissue bath after phenylephrine response reached the plateau. In separate experiments, the endothelium-intact aortic preparations were pretreated with N G -nitro-L-arginine methyl ester (L-NAME, 10 Ϫ5 M), an inhibitor of nitric oxide synthase, 15 min prior to exposure to phenylephrine. The same protocol described in above was performed also in endothelium-denuded aortic preparations.
Evaluation of Cardiac Function in Isolated Rat Heart Male S.D. rats were anesthetized with sodium pentobarbital (65 mg/kg, i.p.) as reported.
11) Heparin (1000 U/kg) was injected into the tail vein and then the trachea was intubated and artificially ventilated with a rodent ventilator (Model 7025, Ugobasile, Italy). The hearts were excised and mounted on a Langendorff apparatus (Hugo Sachs Electronic), where they were perfused with oxygenated modified Krebs-Henseleit bicarbonate buffer containing (in mM) NaCl 116, NaHCO 3 24.9, KCl 4.7, MgSO 4 1.1, KH 2 PO 4 1.17, CaCl 2 2.52, glucose 8.32 and pyruvate 2.0 at a constant perfusion pressure (80 mmHg). A water-filled latex balloon attached to a metal cannula was placed in the left ventricle and connected to an Isotec pressure transducer (Hugo Sachs Electronic). After the isolated hearts were allowed to equilibrate for 10 min, the 100% ethanol extract of MK (1, 3, 10, 30 mg/ml) were directly perfused to the hearts for 10 min. The data were expressed as percentage decrease or increase in left ventricular developed pressure (LVDP), heart rate (HR), left ventricular end-diastolic pressure (LVEDP) and coronary flow rate (CFR).
Measurement of Blood Pressure and Heart Rate in SHRs Blood pressure and heart rate from SHRs were measured using the tail-cuff method. 12) Rat tails were occluded with an appropriate size tubular tail cuff (7/16 inch, 12 mm) connected to photoplethysmograph (Model 31, IITC Life Sci., Woodland Hills, CA, U.S.A.) and pulse were detected as the cuff pressure was lowered. To measure the blood pressure, rats were prewarmed at 32°C for 5-10 min in a restraining cage in a warming box. Rats were allowed to habituate to this procedure during at least 2 weeks before experiments. SHRs were randomly divided into five groups. Old-matched WKY rats were used as control. SHRs with systolic blood pressure of more than 170 mmHg were used in this study. All rats except the control rats were treated with oral administration of either vehicle (1% arabia gum), the 100% ethanol extract of MK (10, 30 , 100 mg/kg, once a day) or captopril (30 mg/kg) for 42 d. The MK extract was suspended with 1% arabia gum in distilled water, and captopril was dissolved in distilled water. The systolic blood pressure (SBP) and heart rate (HR) was measured 2.5 h after oral administration of MK extract. Results were expressed as changes from baseline systolic blood pressure (SBP) and heart rate (HR) measured on day 1 before treatment of MK extract.
Evaluation of Vasorelaxant Activity in Aorta from SHRs After completing the previous antihypertension study in SHRs, the same animals were used for this in vitro experiment. On day 43 after repeated daily oral dosing of MK extract, the thoracic aorta was isolated from SHRs. Briefly, the relaxant effects of acetylcholine or sodium nitroprusside on endothelium-intact arteries from SHRs were analyzed in arteries contracted by phenylephrine (3ϫ10 Ϫ7 M) and finally a cumulative concentration-response to acetylcholine or sodium nitroprusside was obtained.
Measurement of Blood Ions and Hepatic Malondialdehyde Levels At the end of 42 d experimental period, the blood sample was taken from the inferior vena cava of SHRs for determination of the blood ions (Rapidpoint 400, Bayer AG, Germany). The liver from SHRs were rapidly isolated and frozen in liquid nitrogen for the determination of hepatic malondialdehyde as an index of lipid peroxidation and DNA oxidative damage. The frozen liver was transferred into 1 : 2 w : v in Tris buffer (20 mM, pH 7.2) and homogenized using a Ultra-Turrax (Ika ® Works, Model T25 Basic, Japan). After homogenates were centrifuged at 4000ϫg for 10 min at 4°C, the supernatant was taken for the assays of malondialdehyde contents. The malondialdehyde level was determined using a commercial immunoassay kit (Bioxytech MDA-586, OxisResearch, Portland, Oregon, U.S.A.) according to the manufacturer. Protein concentration was determined by the Bradford method using bovine serum albumin as a standard.
Single Cell Gel Electrophoresis Assay (Comet Assay) Analysis Comet assays were performed by using a modification of the method of Rojas et al. 13) Briefly, liver tissue slides, which were cut in 20-mm-thick serial section with cryomicrotome (AS620, Life Science international LTD, Astomoor Cheshire, England), were incubated with collagenase A (Sigma-Aldrich Co., St. Louis, MO, U.S.A.) for 30 min at 37°C to separate the hepatocytes from the liver tissue before analysis. The isolated hepatocytes were embedded in a bed of 0.5% low-melting-point agarose with a cell density of about 200-300 cells per sample. Aliquots were placed on microscope slides that had been previously coated with 1% normal-melting point agarose. After the gel slides immersed for 3 h in ice-chilled lysis buffer (2.5 M NaCl, 100 mM EDTA, 10 mM Tris pH 10.0, 10% DMSO, 1% Triton X-100), electrophoresis was conducted for 5 min at 30 V, 250 mA. The slides were washed with 1 M ammonium acetate in 70% ethanol and 1 mg/ml spermine in 70% ethanol before staining with SYBR Green (Sigma-Aldrich Co., St. Louis, MO, U.S.A.), a DNA intercalating fluorescent dye. Fluorescent stained nucleotides were obtained using the imaging system of Zeiss, Germany. Fluorescent stained nucleotides were quantified using image analysis CASP program downloaded from http://www.casp.of.pl. 15-20 images were randomly selected from each sample and comet tail moment was measured according to the procedure of Konca et al. 14) The data shown represent the image analysis from three independent experiments.
Statistical Analysis All values are expressed as the meanϮS.E.M. Significant difference between responses were analyzed by one-way analysis of variance (ANOVA) followed by Dunnett's test for multiple comparisons (Sigma Stat, Jandel, San Rafael, CA, U.S.A.). In all comparisons, the difference was considered to be statistically significant at pϽ0.05.
RESULTS

Vasorelaxant Effects on Isolated Rat Aortas
To evaluate the peripheral vasorelaxant activities of MK extract, their effects on phenylephrine-induced aortic constriction were measured. The all kinds of extract of MK, except water extract of MK, produced concentration-dependent relaxations of the endothelium-intact aortic preparations (Fig. 1A) . The 100% ethanol extract of MK (IC 50 value: 3.9Ϯ0.68 mg/ml) exhibited more potent vascular relaxant effect than the MK extracts with 80% ethanol, 80% methanol and 100% methanol (IC 50 values: 5.0Ϯ1.02, 6.3Ϯ0.73 or 8.4Ϯ1.03 mg/ml, respectively). The relaxant effect of 100% ethanol extract of MK in aortic preparations was completely abolished by denudation of the endothelial layer (Fig. 1B) . Furthermore, pretreatment of aortic tissue with L-NAME (10
completely inhibited the MK extract-induced relaxation.
Effects on Cardiac Function in Isolated Rat Hearts To measure the direct effects on the hearts, the cardiac functions of MK extract in hearts isolated from rats were measured. For the present study, the 100% EtOH extract of MK was used, because the vasorelaxant effect of MK extract was most potent on rat aortic preparations. The MK extract caused a concentration-dependent decrease in LVDP, HR, and CFR (pϽ0.05 at 10, 30 mg/ml; Table 1 ), while LVEDP was significantly increased with the 100% EtOH extract of MK (pϽ0.05 at 10, 30 mg/ml).
Antihypertensive Effects in SHRs Chronically Treated with MK Extract The effects of repeated oral administration with 100% EtOH extract of MK (10, 30, 100 mg/kg) for 42 consecutive days on SBP and HR in SHRs are shown in Fig. 2 . The basal values of SBP and HR in WKY rats were 142Ϯ3.6 mmHg and 352Ϯ8.7 beats/min (nϭ12), respectively. In contrast, the predose values of SBP and HR in SHRs were 192Ϯ2.3 mmHg and 418Ϯ4.6 beats/min (nϭ38), respectively. In vehicle-treated SHRs, SBP was slowly increased with time-dependent manner (approximately 20 mmHg; Fig. 2A ). The MK extract (30, 100 mg/kg) dosedependently decreased SBP (approximately 20 mmHg decrease compared with vehicle-treated group), although the difference was not statistically significant. In all groups, HR was not different compared with vehicle-treated group (Fig.  2B ). In addition, the gains of body weights were not different between groups (unpublished data).
Vasorelaxant Effects on Aortas from SHRs Chronically Treated with MK Extract
The effects of acetylcholine and sodium nitroprusside on the endothelium-intact aortic preparations from SHRs which were daily treated with 100% EtOH extract of MK (10, 30, 100 mg/kg) for 42 consecutive days are shown in Fig. 3 . Both of acetylcholine and sodium nitroprusside caused a concentration-dependent relaxation of phenylephrine-precontracted aortic preparations from all groups of animals. Acetylcholine-induced relaxant response in aorta from vehicle-treated SHRs (E max : 43.3Ϯ3.4%) was significantly decreased compared with that of WKY rats (E max : 77.7Ϯ3.0%; Fig. 3A ). This diminished relaxation in 1280 Vol. 30, No. 7 Fig. 3B ).
Effects on Oxidative Status in SHRs Chronically Treated with MK Extract
The changes of blood ions from SHRs which were daily treated with 100% EtOH extract of MK (10, 30, 100 mg/kg) for 42 consecutive days were measured ( Table 2 ). The concentration of Na ϩ ions in blood was slightly increased in vehicle-treated SHRs compared with WKY rats, while the concentrations of K ϩ and Ca 2ϩ ions were tended to be decreased, as previous report.
15) MK extract has shown to recover the changes of blood ions of SHRs although it was not significant. Hepatic malondialdehyde was significantly increased in vehicle-treated SHRs (48.4Ϯ3.2 nM/g) compared with that of WKY rats (29.2Ϯ1.1 nM/g; Fig. 4A ). This increase in liver lipid peroxidation was significantly reduced by MK extract (34.2Ϯ2.9, 30.4Ϯ3.1, 35.8Ϯ2.8 nM/g at 10, 30, 100 mg/kg, respectively, pϽ0.05). DNA damage in liver cells as expressed the comet tail moment was also significantly increased in vehicle-treated SHRs (48.0Ϯ2.7%) compared with that of WKY rats (22.8Ϯ 1.6%; Fig. 4B ). This increase in oxidative base damage to liver DNA was significantly reduced by MK extract (38.6Ϯ 2.4, 32.3Ϯ1.1% at 10, 30 mg/kg, respectively, pϽ0.05).
DISCUSSION
We demonstrated that chronic treatment with MK extract for 42 d exerts the antihypertensive effects in SHRs. In addition, we showed that MK extract causes the vasorelaxant effects in isolated rat aortic preparations and the negative in- otropic effects in isolated rat hearts. The 100% EtOH extract among several MK extracts exhibited the most potent vasorelaxant effect on phenylephrineinduced contraction of aortic preparations (IC 50 value; 3.9 mg/ml). This MK extract-induced relaxation in rat aortic preparations was completely inhibited by removing of functional endothelium or pretreatment of N G -nitro-L-arginine methyl ester, a well known non-selective nitric oxide synthase inhibitor. 16) These results suggest that the vasorelaxation caused by MK extract may be mediated endotheliumdependent nitric oxide signaling pathway.
In isolated rat hearts, the 100% EtOH extract of MK caused significant decrease in LVDP, HR and CFR, and increase in LVEDP, as an indicator of cardiac contraction, with concentration-dependent manner (pϽ0.05 at 10, 30 mg/ml). These results suggest that MK extract possesses negative inotropic and chronotropic effects in hearts isolated from rats. These phenomena have generally been shown in hearts treated with antihypertensive agents, such as calcium channel blockers 17) and angiotensin converting enzyme inhibitors. 18) It seems that the direct vasorelaxant and negative inotropic effects of MK extract may contribute to alleviate the development of hypertension. In SHR study, repeated oral administration with 100% EtOH extract of MK (10, 30, 100 mg/kg) for 42 consecutive days dose-dependently decreased SBP compared with that of vehicle-treated SHRs. SBP in SHRs treated with MK extract (30, 100 mg/kg) was decreased by approximately 20 mmHg (ca. 10%) compared with that of vehicle-treated SHRs. Another objective of our study was to investigate whether longterm treatment with MK extract improves the endothelial function of conductance arteries. It is known that structural and functional alterations of the vascular endothelium occur in many pathologies, including arterial hypertension. 5) These alterations are important in the mechanisms that determine blood pressure, the regression of which is generally regarded as an important target of antihypertensive therapy. 19) We observed that the relaxant activity due to acetylcholine in rat aorta was significantly decreased in vehicle-treated SHRs than in WKY rats. It has been speculated that impaired endothelium-dependent relaxation induced experimentally by acetylcholine in aorta from SHRs may result from decreased nitric oxide synthesis, and perhaps from oxygen free radicals. 20) In the present study, the diminished relaxation in response to acetylcholine in SHRs was improved by longterm treatment with MK extract. Moreover, it is worth mentioning that unlike other antihypertensive substances, 21) longterm treatment with MK extract was able to improve the sensitivity to sodium nitroprusside in aortic preparations of SHRs. These results suggest that the chronic administration with MK extract may restore the impaired endothelial-dependent and -independent vascular dilation on aortic preparations from SHRs. To investigate that the anti-hypertensive effects of MK extract may be associated with a reduced oxidant status due to its anti-oxidant properties, lipid peroxidation (hepatic malondialdehyde) and oxidative base damage to liver DNA (% tail DNA) in SHRs was measured. Because the liver plays major roles in the metabolism and elimination of reactive oxygen species as well as in producing the antioxidant enzymes protecting tissues from free radicals, the hepatic MDA and DNA damage value reflect not only the liver oxidative status but also probably more general indices of the oxidative status and lipid peroxidation. 22, 23) The long-term treatment with MK extract significantly reduced hepatic MDA and DNA damage value in SHRs.
In conclusion, the results from the present study suggest that long-term administration of Morus bombycis KOIDZUMI (MK) extract causes the antihypertensive effects in SHRs, and its direct vasorelaxant effects, negative inotropic actions, and anti-oxidant properties may contribute to reduce the elevated blood pressure. In addition, the vasorelaxant effects of MK extract might be mediated through the increase in release of nitric oxide from endothelial cells. However, further studies are necessary to clearly elucidate the constituents responsible for these responses and the underlying mechanisms. 
